This systematic review evaluated current evidence from available randomized controlled trials (RCTs) on the effectiveness and safety of acupuncture with regard to semen parameters and the pregnancy rate of couples with male factor infertility.
INTRODUCTION
Parenthood is one of the most prevalent desires among humans. However, many couples suffer from infertility despite regular unprotected intercourse. Male factors account for about half of all causes of infertility. [1] [2] [3] Poor semen quality is the main male factor. [1] [2] [3] Idiopathic oligoasthenoteratozoospermia is the most common medical diagnosis of abnormal semen quality. 2 Various empirical drugs have been used to improve abnormal semen quality in infertile men. Androgens, gonadotropins, and corticosteroids are not effective, but follicle-stimulating hormone might be effective in some patients. 4 Systematic reviews have shown that antioxidants such as vitamin E and L-carnitine could be effective for improving semen quality and the pregnancy rate of couples. 5, 6 Acupuncture also has been used to improve semen quality. A Norwegian study reported that approximately 20% of infertile men preferred an alternative treatment like acupuncture. 7 However, the therapeutic effects of acupuncture on poor semen quality remain uncertain. 1 Therefore, systematic review on the effects of acupuncture on poor semen quality is required.
The effectiveness and safety of acupuncture for poor semen quality in infertile males: a systematic review and meta-analysis National Assembly Digital Library, and Oriental Medicine Advanced Searching Integrated System) and one Chinese database (China National Knowledge Infrastructure). We established search terms related to three areas (male infertility, semen, and acupuncture). The detailed search strategies used for each database are shown in Supplement 1. Reference texts (e.g. andrology/gynecology textbooks, integrative/complementary and alternative medicine textbooks, clinical guidelines, and other review articles) in the relevant publications were manually checked to find missing eligible trials.
Study selection and data extraction
This study scrutinized all RCTs evaluating the effects of acupuncture on semen parameters in infertile males. In randomized cross-over trials, we only analyzed the data measured before cross-over to remove the carryover effect. Non-randomized trials, quasi-experimental studies, and all observational studies were excluded. We selected trials using manual acupuncture and/or electrically stimulated acupuncture in which needles were inserted in classical acupuncture points. We excluded trials of other treatments using acupuncture points without needle insertion, such as moxibustion, acupressure, laser acupuncture, and electrical acupuncture point stimulation.
The control group could have received placebo/sham acupuncture, conventional therapy, or no treatment. Trials that evaluated the effect of acupuncture combined with other treatments, in comparison with the same other treatments alone, were also included. We included these studies because the additional therapeutic effects of acupuncture could be estimated in these trials. Trials without a clear description of at least one of the semen parameters, including semen ejaculate volume, sperm concentration, sperm motility, or sperm morphology, were excluded.
The titles and abstracts retrieved from the electronic databases or relevant publications were examined closely, and the whole content of articles that were considered to meet the eligibility criteria was analyzed. We selected relevant studies only after the close examination of full manuscripts.
Two independent reviewers (UMJ and JYJ) performed a literature search, study selection, and data extraction using a standard form. All disagreements were resolved by consensus between the two reviewers or arbitration by another reviewer (SL). If the data in an article were insufficient or ambiguous, one reviewer (UMJ) contacted the corresponding author by E-mail to request additional information.
Data assessment and synthesis
Two reviewers (UMJ and JYJ) independently assessed the risk of bias and the reporting quality of the included studies. The risk of bias was evaluated using the "risk of bias" tool developed by the Cochrane collaboration. The Consolidated Standards of Reporting Trials (CONSORT), and Standards for Reporting Interventions in Clinical Trials of Acupuncture (STRICTA) 8, 9 were used to evaluate reporting quality.
Statistical analyses were performed with RevMan 5.0 (Cochrane collaboration, Oxford, UK). We calculated odds ratios (ORs) for the dichotomous variable (number of pregnancies), and mean differences for the continuous variables (sperm motility and sperm concentration) using a random-effects model with 95% confidence intervals (CI). We utilized a random-effects model because of the clinical and/or methodological heterogeneity of the included trials. Based on the Cochrane guidelines, Cochrane's Q test results with P < 0.01 and I 2 ≥ 75% indicated considerable heterogeneity. If the considerable heterogeneity could be explained by differences in study features, we conducted subgroup analysis.
RESULTS
The searches yielded 801 articles, 700 of which were excluded based on the title and abstract. Ninety-seven studies were excluded after full contents of these studies had been analyzed or the corresponding authors had been contacted: 75 were non-RCTs, three were review articles, 17 used inadequate interventions, one lacked semen analysis 10 and the other 11 was the same trial in a study 12 that had already been included. Four eligible RCTs 12-15 including a total of 500 male participants were chosen (Figure 1) . The characteristics of the included studies are presented in Table 1 .
Population
The trials were performed in two different countries; one was conducted in Germany, 13 and the others were conducted in China. 12, 14, 15 Two trials 14,15 recruited patients with oligozoospermia or asthenozoospermia that had been diagnosed according to the World Health Organization (WHO) criteria. One trial 12 recruited only patients with asthenozoospermia that had been diagnosed according to the WHO criteria. The remaining trial 13 reported that severe oligoasthenozoospermia patients were recruited, but in actuality, only oligozoospermia patients were recruited (<10 6 sperm per ml). No studies recruited teratozoospermia patients. Three trials 12, 14, 15 excluded men who could not have children due to female factors. Three trials [13] [14] [15] also excluded men who were infertile due to organic diseases.
Interventions
One trial 13 used one manual acupuncture treatment group and one control group, which received a nonpenetrating placebo acupuncture, to evaluate the efficacy of acupuncture. The others 12,14,15 established three treatment groups: the first group received acupuncture therapy combined with an oral herb mixture, the second group were only administered the herb mixture, and the third group received the acupuncture therapy alone. We considered the first group to be the treatment group and the second group to be the control group in these trials 12, 14, 15 to evaluate the additional effects of acupuncture. The selected acupuncture points, administrative procedures, and treatment regimens were highly variable among the studies. Only two trials 14, 15 used the same acupuncture points and treatment regimens, and they used similar procedures (except for acupuncture style). All of the trials induced De qi sensation, which is a type of sensation following acupuncture placement and manipulation. 16 The duration of therapy ranged from 27 days 14,15 to 3 months. 12 Each acupuncture regimen is summarized in Table 2 .
Outcomes
Semen samples were evaluated according to the WHO standard in all the trials. Three trials 12, 14, 15 measured abnormal semen quality determined according to the WHO criteria published in 1999, while the other trial 13 did not report the year when the adopted WHO criteria was published. The frequency and time of semen analysis are described in Table 1 .
All of the trials assessed sperm motility but reported different reference points according to the WHO classification of the grades of motility: one trial 12 reported the percentage of progressively motile sperm (grade A + B), and the other three trials [13] [14] [15] reported the percentage of sperm with rapid progression (grade A). One trial 13 also reported the percentage of sperm with slow or sluggish progression (grade B), the percentage of nonprogressively motile sperm (grade C), and the percentage of motile (grade A + B + C) sperm. Three trials [13] [14] [15] assessed sperm concentration and only one 13 trial assessed semen volume. None of the studies assessed sperm morphology.
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The diagnostic criterion for pregnancy was a positive pregnancy test. None of the studies documented the pregnancy rate using this criterion. Although two trials 14, 15 reported the pregnancy rate of couples with male factor infertility, the diagnostic criterion for pregnancy was not clearly documented. We attempted to contact the authors of the two trials to determine which diagnostic criterion for pregnancy they had used. The author of one study 14 only replied that the diagnostic criterion for pregnancy was a positive pregnancy test. All of the included trials reported that none of the participants experienced adverse events.
Risk of bias
Among the four RCTs, three 12, 14, 15 adopted poor randomization procedures with an allocation concealment method based on hospital visitation order, while only one 13 described adequate methods of random sequence generation and allocation concealment. One trial 13 blinded patients and outcome assessors. The other three trials 12,14,15 did not report any information on blinding. Although all the trials reported how many participants dropped out or withdrew, three trials 12, 14, 15 were estimated to have a high risk of bias because they did not include any information on whether drop-outs or withdrawals occurred before or after randomization. Risk of bias from selective outcome reporting or from other sources was unclear in all of the included trials (Figure 2 ).
Reporting quality
Even though the CONSORT statement and STRICTA recommendations were updated in 2010, the 2001 versions were used to assess reporting quality because all four trials were conducted before 2010. Based on the CONSORT statement, all the RCTs described the eligibility criteria, sequence generation, adverse events, and a general interpretation of the results. Three RCTs [12] [13] [14] documented the statistical methods used to compare outcomes between groups. Two RCTs 14, 15 presented the baseline demographic and clinical characteristics of the participants.
All of the RCTs either improperly reported or did not report items such as specific objectives and hypothesis, clearly defined outcome measures, methods of random allocation concealment, the precision of each outcome, ancillary analysis, and generalizability. The detailed results are presented in Supplement 2.
One study 13 mentioned that it had been conducted in accordance with STRICTA, but it did not report the rationale for treatment, needle type, practitioner's training duration, or practitioner's years of clinical experience. Three RCTs 12, 14, 15 were evaluated as having equal reporting quality based on STRICTA. They had good reporting quality in 11 sub-items (style of acupuncture, rationale for treatment, acupuncture response elicited, type of needle stimulation, needle retention time, number of treatment sessions, frequency of treatment, co-interventions, intended effect of control intervention, precise description of control intervention, and sources that justified the choice of control). The detailed results are presented in Supplement 3.
Effects of interventions

Sperm motility
The percentages of grade A and grade A + B motile sperm were pooled because these outcomes were used to diagnose asthenozoospermia. 17, 18 Three trials [13] [14] [15] measured the percentage of grade A sperm motility, and the other trial 12 measured the percentage of grade A + B sperm motility. Overall, the pooled data indicated considerable heterogeneity (χ 2 = 122.19, P < 0.00001, I 2 = 98.0%), so subgroup analysis was conducted. The pooled data for the percentage of grade A sperm motility showed large differences between acupuncture and control groups (mean difference 6.35, 95% CI: 4.38-8.32, P < 0.00001), but the results across the trials were substantially heterogeneous (χ 2 = 7.09, P = 0.03, I 2 = 72%). Subgroup analysis was not performed for the percentage of grade A + B sperm motility because it was only evaluated in one trial (Figure 3 ). 
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Sperm concentration
Three trials [13] [14] [15] evaluated sperm concentration. The pooled results showed a significant difference between acupuncture and control groups (mean difference 6.42, 95% CI: 4.91-7.92, P < 0.00001), but substantial heterogeneity among the trials was observed (χ 2 = 4.71, P = 0.09, I 2 = 58%) (Figure 4 ).
Pregnancy rate (positive pregnancy test rate)
We determined that one trial 14 reported the rate of having a female partner with a positive pregnancy test from contacting the author. No significant difference was found between the acupuncture and control groups in the study (OR: 1.52, 95% CI: 0.46-5.00). Another trial, which reported pregnancy without clear diagnostic criteria, also showed no significant difference between the two groups (OR: 1.69, 95% CI: 0.52-5.44). Despite an unconfirmed definition of pregnancy in one study, we attempted to pool the results. The results showed no significant differences between the acupuncture and control groups (OR: 1.60, 95% CI: 0.70-3.69, P = 0.27). There was also no significant heterogeneity between these trials (χ 2 = 0.02, P =0.90, I 2 = 0%) ( Figure 5 ).
Adverse events
All the RCTs reported that no participants experienced adverse events.
DISCUSSION
This systematic review included a total of four RCTs that evaluated acupuncture with or without an additional oral herb mixture, in comparison with placebo or the herb mixture alone. We found that acupuncture might significantly improve sperm motility and sperm concentration, but has no significant additional impact on the pregnancy rate of couples with male infertility. No adverse events were reported in all the trials. The pooled data on sperm motility and concentration suggest that acupuncture could be applied to oligozoospermia and/or asthenozoospermia patients. Various mechanisms could explain the effectiveness of acupuncture. Pei et al. 19 have reported that acupuncture could be beneficial for acrosome position and shape, nuclear shape, axonemal pattern and shape, and accessory fibers. Gurfinkel et al. 20 suggested that neural stimulation by acupuncture might affect testicle and epididymis vasodilation. Siterman et al. 21, 22 proposed that acupuncture might reduce lipid peroxidation in human spermatozoa or genital inflammatory reaction by enhancing immune responses. Future studies confirming these mechanisms are needed.
Although acupuncture might seem beneficial for improving semen quality, the evidence in favor of acupuncture is not compelling. Discrepancy in the effectiveness of acupuncture among the studies is one of the factors that make it difficult to draw definite conclusions. Three studies 12, 14, 15 in our meta-analysis reported positive results on semen quality, while one study 13 did not. Different studies that were excluded in this review also indicate mixed results. [20] [21] [22] [23] [24] We suggest that the following factors possibly caused these discrepant results. First, the outcomes could be affected by whether placebo acupuncture was applied in the control groups. Placebo acupuncture can evoke therapeutic effects 25, 26 or expectancy effects. 27, 28 Thus, the differences which were found between the treatment and control groups in one Asian Journal of Andrology study 13 might be underestimated, while the differences in the other three studies 12,14,15 might be overestimated. Second, inadequate procedures and/or insufficient information for semen analysis could affect outcomes. The WHO states that two semen samples should be collected after a minimum of 2 days to a maximum of 7 days of sexual abstinence and that the interval between the two collections should range from 7 days to 3 weeks to ensure reliable results. 17, 29 Although semen samples were collected after a sufficient period of abstinence in the three RCTs, semen sample collection was only conducted once before and once after treatment. 12, 14, 15 Although the remaining RCT 13 collected two samples at every assessment, the shortest interval between semen collections was 1 month, and there was no report of whether semen collections were conducted after abstinence. These inadequate procedures and the insufficient information provided for semen analysis made it difficult to validate these results. Finally, high risk of bias and poor reporting quality could cause inconsistent effects. Three RCTs 12,14,15 used inadequate methods for sequence generation and allocation concealment, which could have caused selection bias. In addition, most items in CONSORT and STRICTA were not described in the three studies. 12, 14, 15 This means that the studies might not have been conducted according to a predefined plan; therefore, outcomes could have been biased. Furthermore, it is known that there can be an inherent tendency for the treatment group to show more positive results than its control group in a study with poor reporting quality. 30 Substantial heterogeneity among the three included studies [13] [14] [15] , which reported the percentage of sperm with rapid progression and sperm concentration, is another factor that makes it difficult to draw definite conclusions. Feature differences among the three studies could have led to substantial heterogeneity. First, different treatment protocols might have induced heterogeneity. The participants in two RCTs 14, 15 received two different acupuncture regimens. After receiving one regimen daily for 10 days, the participants had a rest for 7 days, and then another regimen was also applied daily for 10 days ( Table 2) . The participants in another study 13 received one acupuncture regimen twice a week for 6 weeks without a resting period. Second, differences in the objectives among the studies might have caused heterogeneity. Two RCTs 14,15 evaluated the combined effects of acupuncture and herbs compared with herbs alone, while another study 13 evaluated the effects of acupuncture compared with placebo acupuncture. Third, different target populations among infertile men could have resulted in heterogeneity. Two RCTs 14,15 recruited oligozoospermia and/or asthenozoospermia patients, whereas one study 13 recruited only severe oligozoospermia patients. Finally, inconsistency regarding the risk of bias and reporting quality could have led to heterogeneity. Two 14, 15 of the three studies were identical in all items related to the risk of bias. The other study 13 and the above two studies 14, 15 were identical in only two items related to the risk of bias. A similar tendency was observed in our assessment of reporting quality. Two studies 14, 15 had similar results for each item on STRICTA and CONSORT, but the other study 13 differed from the above two studies in more than 50% of the items.
The pooled result for pregnancy rate of couples with male infertility showed no significant difference between the treatment and control groups. However, we could not conclude that acupuncture in infertile men has no effect on the pregnancy rate from this result. The herbal co-intervention could have contributed to the nonsignificant differences in pregnancy outcomes. Two studies 14, 15 used the Wuzi Yanzong herb mixture, which is often administered to improve semen quality in traditional Chinese medicine, as a co-intervention in the treatment and control groups. This medication might have enhanced semen quality in both groups and thus resulted in the lack of a difference in pregnancy rate. Insufficient treatment sessions and short duration of the intervention could also have caused the lack of significant difference between the groups. Acupuncture in two included studies 14, 15 was performed only 20 times over 27 days, whereas other therapies to improve semen quality and spontaneous pregnancy, including clomiphene citrate and antioxidants, were taken daily for 56 days to 6 months. [31] [32] [33] [34] Therefore, the treatment period might have been too short to significantly enhance the pregnancy rate of couples. Other factors associated with spontaneous pregnancy might also have led to the nonsignificant pregnancy results. Age of the spouse and duration of infertility are associated with pregnancy rate. 35, 36 The proportion of sperm with normal morphology is also strongly associated with time to pregnancy. 37 Two included studies 14, 15 did not report any information on these factors and hence there could have been an imbalance in these factors between groups. No.: number; T: treatment group; C: control group; EA: electroacupuncture; MA: manual acupuncture; o: the study which measured this outcome; x: the study which did not measured this outcome
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